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Separation of thebaine and products of its oxidation (14-hydroxycodeinone, 14-hydroxycodeinone
iV-oxide, (lOS)-hydroxythebaine, (8S)-hydroxyoxycodone) as well as rearrangement in acidic me
dia (thebenine, morphothebaine) was studied by capillary zone electrophoresis in the presence of
modified cyclodextrins. Conditions for separation of thebaine/10-hydroxythebaine were compared
with those of moiphine/10-hydroxymorphine and codeine/10-hydroxycodeine.

Cyclodextrins, cyclic oligosaccharides forming com
plexes with organic compounds have been used as
media modifiers in various analytical techniques, e.g.
NMR, circular dichroism, H P L C , G L C or capillary
electrophoresis a n d they have been especially useful
for analysis of s t r u c t u r a l , positional or stereo iso

mers [1—5]. Specific separations of analytes a n d in
tramolecular interactions are based on noncovalent ef
fects, e.g. electrostatic interactions, formation of hy
drogen bonds, hydrophobicity, release of conformation
strain, van der Waals forces, etc [6]. Capillary zone
electrophoresis (CZE) in t h e presence of cyclodextrins
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was applied for analysis of alkaloids of Papaver somniferum L. in various matrices, e.g. in pharmaceutical
formulations [7, 8] or in samples of illicit drugs [9, 10].
This paper deals with separation of products
of thebaine rearrangement by capillary zone elec
trophoresis in the presence of cyclodextrins.
P. somniferum biosynthesizes an array of struc
turally different alkaloids, some of them are used in
form of salts with inorganic acids, the other are the
starting material for semisynthetic variation to the
more potent drugs. Thebaine (I) (see the formulas)
is the representative of the latter group. Oxidation
of the base J with hydrogen peroxide in neutral or
mild alkaline solutions gave a mixture of diastereomeric iV-oxides; their separation was described re
cently [11]. This reaction performed in an organic
acid as a solvent spiked with mineral one afforded 14hydroxycodeinone (II) [12]. However, base I is much
more sensitive to acidic media than the other morphinane alkaloids; according to reaction conditions morphothebaine (///) or thebenine (IV) are formed [13,
14]. Capillary zone electrophoresis in a background
electrolyte (BGE) completed with jS-cyclodextrin (BCD) proved to be a useful tool to monitor this trans
formation. Only a simple sample preparation was nec
essary for this assay, measurement took only a few
minutes and the separation of peaks was satisfactory.
Thebaine transformation is not a simple reaction, it
proceeds via a series of intermediates, many of them
are unidentified [15]. On the other hand, it is a quick
reaction (less than 5 min) when performed in boiling
solvents (Figs. 1—3).
CZE was used in analysis of reaction mixtures dur
ing oxidative transformation of I to II where also 14hydroxycodeinone N-oxide (V), (105)-hydroxythebaine (VI), and (85)-hydroxyoxycodone (VII) were
identified as by-products [16]. TV-Oxide V, the main
impurity, was well separated from the parent com
pound II and all other alkaloidal constituents of re
action mixture due to its low mobility. However, sep
aration of compounds I, II, V—VII was sensitive to
composition of BGE and it was possible in the pres
ence of cyclodextrins only (Figs. 4 and 5). Remark
able was the high specific affinity of II to B-CD and
its methylated derivative DB-CD in comparison with
the other analyzed, structurally similar compounds.
7-Cyclodextrin (G-CD) was used in the further exper
iments because the balanced ratio of migration times
and resolution of peaks of studied compounds was at
tained in its presence. Resolution of adjacent peaks
was dependent on the concentration of added selec
tor; it proportionally increased with concentration in
pair of peaks of I/V while rapidly decreased with the
pair II/ VII Concentration 7.0 mmol dm~ 3 of G-CD
was chosen as a compromise between migration times
and resolution when all peaks were resolved down to
the baseline (Fig. 6).
Morphinane alkaloids undergo decomposition,
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Fig. 1. Electrophoregrams of reaction mixture of thebaine (/)
rearrangement to thebenine (IV) in boiling aqueous
HCl (0.3 M). A: 1 min, В: 5 min. Capillary: 40 cm
x 50 mm, 100 x 1 0 " 3 M-TRIS/phosphate, pH 2.8,
30 kV, 25°C, 10 x 1 0 " 3 M-B-CD. I. Thebaine (/), 2.
thebenine (/V).
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Fig. 2. Transformation of thebaine (/) to morphothebaine
(III) after 5 min boiling in aqueous HCl (5.5 M). Capil
-3
lary: 40 cm x 50 mm, 100 x Ю M-TRIS/phosphate,
pH 2.8, 30 kV, 25 °C, 10 x 10" 3 M-B-CD. I. Thebaine
(/), 2. morphothebaine (///).

mainly oxidation in course of ripening of the poppy
or during storage in solutions or in solid state after
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F i g . 3. The time dependence of concentration of thebaine (J)
during its transformation to thebenine (/V) in 0.3 M
aqueous HCl at 25 °C (Z-l, Z-2 - unknown intermedi
ates). D 7, О IV, Л Z-l, V Z-2.
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their isolation. The most susceptible positions for ox
idation of morphine (VIII) are C-2, C-6, C-10, and
C-17, forming thus pseudomorphine, morphinone, 10hydroxymorphine, 10-oxomorphine or morphine Noxide, respectively. Pseudomorphine and morphine TVoxide are the first indicators of VIII degradation in
aqueous solutions [17], (lOS)-hydroxymorphine (IX)
was identified in samples of solid morphine sulfate [18].
It was interesting to compare separation of the gen
uine alkaloids J, VIII, and X with their 10-hydroxy
derivatives VI, IX, XI by CZE.
All three pairs, I/VI, VIII/IX, and X/XI, were re
solved by CZE in a plain BGE. While the resolution
of peaks of pairs VIII/IX and X/XI was very high
and almost of the same value at pH 2.8 and 5.4, that
one of thebaine/10-hydroxy thebaine (I/VI) was sub
stantially lower in both electrolytes. Electrophoretic
mobility, at the constant electric field and also the
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F i g . 4. Separation of by-products of thebaine oxidation by
CZE. IS = pyridoxine (marker), 1. thebaine (I), 2.
(lOS)-hydroxythebaine (VI), 3. (85)-hydroxyoxycodone (VII), 4. 14-hydroxycodeinone (//). Capillary: 40
cm x 50 mm, 100 x Ю - 3 M-TRIS/phosphate, pH 2.8,
30 kV, 25°C, 5 x 1 0 " 3 M-B-CD.

terminal velocity of an ion is indirectly proportional
to the radius of spherical particle [19]. Studied com
pounds differ in radius and therefore also in molar vol
ume. Calculated molar volume of studied compounds
increased from VIII to VI (Table 1), but the migra
tion times of these alkaloids were not proportional to
their calculated volumes. In this calculation hydration
of molecules was not considered, which is apparently
the highest with IX and the lowest with J and con-

f/n(iin

B-CD

G-CD

DB-CD

HB-CD

HG-CD

F i g . 5. Migration times of compounds /, //, VI, and VH'm the presence of cyclodextrins. Capillary: 40 cm x 50 mm, 100 x 10~ 3
M-TRIS/phosphate, pH 2.8, 30 kV, 25°C, 5 x 10~ 3 M-CD. И /, • //, D VI, • VIL
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T a b l e 1. Migration Time (t), Calculated Values of Molar Volume (V) and Hydrophilic Surface (HS) of Studied
Compounds
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4.60
4.75
4.65
5.05
4.61
4.00
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cm m o l

-1

175.2
180.9
155.6
161.4
165.6
171.4

%
73.3
78.1
82.7
90.8
76.9
81.2

Capillary: 40 cm x 50 mm, 0.1 M-TRIS/phosphate, pH 2.8, 30
kV, 25 °C.
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c/(mmol d m " )
F i g . 6. Dependence of resolution of peaks of compounds /, //,
VI, and VII on concentration of G-CD. Capillary: 40
cm x 50 mm, 100 x Ю - 3 M-TRIS/phosphate, pH 2.8,
30 kV, 25 °C. D I/VI, О ////, Д U/VIL

sequently the actual volume of hydrated molecules is
other than the calculated one. This assumption might
be used to explain differences in the observed veloci
ties of studied compounds.
Higher migration times were observed due to spe
cific interactions of guest molecules with the host ones
after addition of cyclodextrins to BGE (Figs. 7 and 8).
Ionizable carboxymethylated cyclodextrins CD (CBCD and CG-CD) at pH below their рК& behave like
a stationary phase, at higher pH they move towards
anode. Resolution of relevant peaks with increasing
concentration of CB-CD reached a minimum at с = 3,
5, 7 mmol d m " 3 for pairs I/VI, X/XI, and VIII/IX,
respectively (Fig. 9). Below these critical concentra
tions the peaks of native alkaloids migrated with

higher velocity than their oxidized derivatives; above
this concentration they moved slower. While migra
tion velocity of 10-hydroxy derivatives changed only
very little with increasing concentration of CB-CD,
the native alkaloids formed much stronger complexes
with the host molecule, which resulted in their lower
migration. Therefore, change in the concentration of
added selector may be used for fine tuning of separa
tion of morphinane alkaloids.
EXPERIMENTAL
/3-Cyclodextrin (B-CD), 2-hydroxypropyl-/3-cyclodextrin (HB-CD), 2-hydroxypropyl-7-cyclodextrin
(HG-CD), 7-cyclodextrin (G-CD), heptakis(2,6-di0-methyl)-/?-cyclodextrin (DB-CD), carboxymethy
lated /3-cyclodextrin (CB-CD), carboxymethylated 7cyclodextrin (CG-CD) were purchased from Cyclolab
(Budapest). All other chemicals were of anal, grade.

ŕ/min

B-CD

DB-CD

CB-CD

G-CD

CG-CD

F i g . 7. Migration times t of thebaine (/), morphine (VIII), codeine (X), and their 10-hydroxy derivatives VI, IX, and XL Capillary:
40 cm x 50 mm, 100 x 1 0 " 3 M-TRIS/phosphate, pH 2.8, 30 kV, 25°C, 5.0 x 1 0 " 3 M-CD. • VIII, D IX, Q X, Q XI,
E /, Q IV
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Fig. 8. Resolution of peaks of morphinane alkaloids 7, VIII, X and their (lOS)-hydroxy derivatives VI, IX, and XI'm the presence
of cyclodextrins. Capillary: 40 cm x 50 mm, 100 x 10~3 M-TRIS/phosphate, pH 2.8, 30 kV, 25°C, 5.0 x К Г 3 M-CD.
• VIII/IX, S X/XI, B I/VI.
H P 3 D Capillary Electrophoresis a p p a r a t u s (Hew
l e t t — P a c k a r d , Waldbronn, Germany) was used for
analysis with an u n t r e a t e d fused silica capillary 48.5
cm x 0.05 m m (effective length 40 cm) and extended
light p a t h ( x 3). Prior t o use, t h e bare silica capillary
was rinsed with 1 M-NaOH (15 min), distilled water
(10 min), and t h e B G E (0.1 M-TRIS/phosphate, pH
2.8, 5 min). Between analyses t h e capillary was flushed
with 0.01 M phosphoric acid (1.0 min), distilled water
(0.5 min), and buffer solution (2.0 min). Samples were
pressure-injected at 50 k P a for 2 s.
Molar volume of studied compounds was calculated
with t h e program Molecular Modeling P r o (Version
1.44, WindowChem Software, Fairfield, USA).
P r e p a r a t i o n of
Electrophoresis

Samples

for

СарШагу

Zone

Sample (5 mg) or 0.1 c m 3 of reaction mixture was
dissolved in 2 c m 3 of 0.1 M aqueous HCl, solution was
diluted t o 10 c m 3 with background electrolyte (0.1 MT R I S / p h o s p h a t e buffer, pH 2.8 with addition of ap
propriate cyclodextrin) and before pressure injection
(100 k P a s) it was filtered through a 0.20 /xm nylon
membrane filter.
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